Both IGF1 and androgens are major enhancers of prostate growth and are implicated in the development of prostate hyperplasia and cancer. The aim of the present study was to investigate whether liver-derived endocrine IGF1 modulates the androgenic response in prostate. Mice with adult, liverspecific inactivation of IGF1 (LI-IGF1 K/K mice) displayed an w80% reduction in serum IGF1 levels associated with decreased prostate weight compared with control mice (anterior prostate lobe K19%, P!0 . 05; dorsolateral prostate (DLP) lobe K35%, P!0 . 01; ventral prostate (VP) lobe K47%, P!0 . 01). Reduced androgen receptor (Ar) mRNA and protein levels were observed in the VP lobe (K34% and K30% respectively, both P!0 . 05 versus control mice). Analysis of prostate morphology showed reductions in both the glandular and fibromuscular compartments of the VP and DLP lobes that were proportional to the reductions in the weights of these lobes. Immunohistochemistry revealed reduced intracellular AR immunoreactivity in the VP and DLP lobes. The non-aromatizable androgen dihydrotestosterone increased VP weight to a lesser extent in orchidectomized (ORX) LI-IGF1 K/K mice than in ORX controls (K40%, P!0 . 05 versus control mice). In conclusion, deficiency of liver-derived IGF1 reduces both the glandular and fibromuscular compartments of the prostate, decreases AR expression in prostate, and reduces the stimulatory effect of androgens on VP weight. These findings may explain, at least in part, the well-known clinical association between serum IGF1 levels and conditions with abnormal prostate growth.
Introduction
The GH/IGF1 axis as well as androgens is involved in the regulation of prostate size and is implicated in the development of prostate cancer (Djavan et al. 2001 , Jerome et al. 2003 , Lam et al. 2006 , Samani et al. 2007 ). However, little is known of the in vivo interaction between the GH/ IGF1 axis and androgens for the regulation of prostate growth (Djavan et al. 2001 , Jerome et al. 2003 , Samani et al. 2007 .
Clinical and experimental studies have demonstrated that both GH and IGF1 have the capacity to increase prostate size, but it is unclear whether all of the effect of GH on prostate size is mediated via IGF1 (Colao et al. 1998 (Colao et al. , 2003 . In humans, several population-based epidemiological studies suggest a positive association between high circulating IGF1 levels and risk of prostate cancer (Mantzoros et al. 1997 , Chan et al. 1998 , Wolk et al. 1998 . By contrast, a high serum level of IGF-binding protein-3 (IGFBP3) appears to protect against the development of prostate cancer (Kanety et al. 1993 , Chan et al. 1998 . A high IGF1/IGFBP3 ratio has, therefore, been suggested to be a risk factor for prostate cancer (Djavan et al. 2001) . Acromegalic patients have excess GH, increased prostate size (Colao et al. 1998) , and increased risk of colorectal cancer (Orme et al. 1998) , but no increase in prostate cancer (Orme et al. 1998) . The latter could be due to the fact that not only serum IGF1 levels but also serum IGFBP3 levels are increased in these patients (Djavan et al. 2001) . The assumption that the IGF1 system is involved in prostate cancer is supported by the fact that prostate-specific antigen, an established biomarker for prostate cancer, cleaves and inactivates IGFBP3 (Cohen et al. 1992 (Cohen et al. , 1994b , thereby enhancing the bioavailability of IGF1.
In vitro studies have demonstrated that several components of the IGF1 system are involved in the regulation of the growth of prostate-derived cells (Perkel et al. 1990 , Cohen et al. 1991 , 1994a . In primary culture, the prostatic epithelial cells express the IGF1 receptor and IGF1 stimulates them to proliferate and to produce IGFBPs into the medium (Perkel et al. 1990 , Cohen et al. 1991 . Prostatic stromal cells also express the IGF1 receptor (Cohen et al. 1994a,b,c) , and there is local production of IGF1 in these cells (Kaplan et al. 1999 , Meinbach & Lokeshwar 2006 . The locally produced IGF1 from the stromal cells can act in a paracrine fashion on the prostatic epithelial cells (Meinbach & Lokeshwar 2006) , which raises the possibility that locally produced IGF1, rather than circulating IGF1, could be important for prostate growth.
The major part of serum IGF1 is liver derived (Sjögren et al. 1999 , Yakar et al. 1999 . A mouse model with liver-specific, inducible inactivation of the Igf1 gene, using the Cre-LoxP conditional knockout system, has been developed (LI-IGF1 K/K mice; Sjögren et al. 1999 , Tivesten et al. 2002 . The selective inactivation of the Igf1 gene in the liver results in an w80% reduction in circulating IGF1. The expression of IGF1 in peripheral tissues is not reduced (Sjögren et al. 1999) , and the LI-IGF1 K/K mice do not have any major disturbance in postnatal growth (Sjögren et al. 1999) . The LI-IGF1 K/K mice have increased GH secretion secondary to the decrease in serum IGF1 level (geometric mean plasma GH level 3 . 1 times higher than that in control mice (Sjögren et al. 1999 ). In addition, the LI-IGF1 K/K mice have unchanged serum concentration of IGFBP1, whereas IGFBP2 and IGFBP3 in serum are decreased .
Thus, it is generally accepted that IGF1 and androgens are two major regulators of prostate size but little is known whether, in vivo, these two pathways converge in the regulation of prostate size. Moreover, there is little information about the relative importance of circulating versus locally produced IGF1 for prostate growth. The aim of the present study was to investigate whether liver-derived endocrine IGF1 modulates the androgenic response in prostate.
Materials and Methods

Animals
The Mx-Cre 31 strain and mice with exon 4 of the Igf1 gene flanked by LoxP sites were generated and intercrossed as described previously (Kuhn et al. 1995 , Liu et al. 1998 , Sjögren et al. 1999 . The different genotypes were identified by PCR analyses of DNA from tail biopsies. Mice homozygous for LoxP and heterozygous for Mx-Cre were given polyinosinicpolycytidylic acid (PiPc, 6 . 25 mg/g body weight; SigmaAldrich Corp. Sweden AB) in three i.p. injections at 4 weeks of age to induce expression of the Cre protein in hepatocytes (Kuhn et al. 1995) . This treatment results in a specific and complete inactivation of IGF1 in hepatocytes (Sjögren et al. 1999 . PiPc-treated littermates, homozygous for LoxP but lacking Mx-Cre, were used as controls. The animals had free access to fresh water and food pellets (B&K Universal AB, Sollentuna, Sweden). The Ethics Committee of Göteborg University approved this study.
Study design
Experiment 1 Four-month-old male control (nZ8) and
LI-IGF1
K/K (nZ8) mice were killed. The urogenital tract was removed including the seminal vesicles (SVs), coagulating glands, urethra, and bladder. The individual prostate lobes and SVs were then carefully dissected and separated. Dissections were carried out in Hanks buffer, Mg-free (Gibco), under a Nikon dissection microscope. Wet weights of prostate lobes and SVs were obtained by electronic scale immediately upon dissection. The ventral prostate (VP) was then split and one half was used for the determination of androgen receptor (AR) protein level using western blot analysis. The other half, as well as the anterior prostate (AP) and dorsolateral prostate (DLP) lobes, was used for morphological analyses and immunohistochemistry.
Experiment 2 To investigate the effect of androgen stimulation on VP in male LI-IGF1 K/K mice, other mice were either sham operated or orchidectomized (ORX) at 3 months of age. At this age, the mice are sexually matured and they no longer grow rapidly but at a slow steady state. Then, the mice received 5-week treatment with either vehicle (V) or the non-aromatizable androgen DHT (45 mg/day) administered via s.c. silastic implants (Silclear Tubing; Degania Silicone, Ltd, Jordan Valley, Israel) in the cervical region (Vandenput et al. 2002) . V-treated animals received empty implants. DHT was obtained from Sigma Chemical Co.. At the end of the 5-week treatment, the mice were killed, the blood was collected for the analysis of serum IGF1 level and the wet weight of VP was determined. In addition, in the sham-operated, gonadal intact male control and LI-IGF1 K/K mice, serum levels of testosterone and estradiol were determined, as well as mRNA levels of AR and IGF1, estrogen receptor-a, and estrogen receptor-b in VP tissue using RT-PCR. The number of animals in each group was as follows: sham operated (control, nZ6; LI-IGF1
Histology
Prostate lobes from 4-month-old LI-IGF1 K/K and control mice (Experiment 1) were removed as described, and thereafter fixed in 4% paraformaldehyde in PBS (pH 7 . 4) overnight, dehydrated, and embedded in paraffin. Fixation times were identical in both groups. The paraffin block was cut into 5 mm serial sections. Three adjacent sections from three different levels of each gland were taken to make a single observation. Anatomical analysis was performed on the sections stained with hematoxylin and eosin. Adjacent sections from each level were stained by immunohistochemistry for the detection of AR.
Immunohistochemistry
The antibody used to detect AR in this study was raised against human ARs and recognized the ligand-binding domain of AR in rodent tissues (sc-816; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). After deparaffination and rehydration in graded alcohol, the sections were first subjected to heat treatment by using 10 mM sodium citrate buffer (pH 7 . 6), 10 min at 95 8C, allowed to cool in the buffer for w15 min, and then washed with dH 2 O. The endogenous peroxidase activity was blocked by incubating in 0 . 5% hydrogen peroxide in dH 2 O for 5 min. AR immunoperoxidase staining was performed using the ImmunoCruz staining system (Santa Cruz Biotechnology, Inc.) as described previously (Kindblom et al. 2002 (Kindblom et al. , 2003 . All tissues from LI-IGF1 K/K and control male mice were processed in the same assay to minimize discrepancies due to variance in intensity. Digital photographic imaging was obtained using a CR14 CCD camera ( JENOPTIK, Jena, Germany) mounted on an eclipse E800 microscope (Nikon, Tokyo, Japan) and using proprietary imaging software.
Protein extraction and western blot analysis
The protein preparation of the selected VP lobes was essentially performed as described previously (Shao et al. 2006 (Shao et al. , 2007 . The protein content was determined using the BCA protein assay (Pierce, Rockford, IL, USA). Western blot analyses were performed using standard procedures to evaluate the abundance and distribution of AR (Shao et al. 2007) . Fifty micrograms of protein were directly electrophoresed on 4-12% SDS-polyacrylamide gels (Novex, San Diego, CA, USA) with a Bis-Tris-MOPS buffer system under reducing conditions. After transferring to polyvinyl difluoride membranes (Amersham International), the blots were incubated with 5% non-fat milk in a Tris-buffered saline-Tween 20 buffer (10 mM Tris, 150 mM NaCl, and 0 . 1% Tween 20 (pH 8 . 0)) for 2 h and subsequently probed with the AR antibody (at 1:250, sc-816; Santa Cruz Biotechnology, Inc.) in blocking buffer overnight at 4 8C. The following day, the membranes were incubated with alkaline phosphatase-conjugated goat-anti-rabbit antibody (at 1:40 000, AC31RL; Tropix, Bedford, MA, USA) and detected using CDP-Star substrate for alkaline phosphatase system (Tropix). Immunoblotted signals were exposed and developed using ECL film (Amersham International) and subsequently scanned into a computer. Individual bands were quantified directly from membranes by densitometry using the ImageQuant (version 5.0) software program (Molecular Dynamics, Sunnyvale, CA, USA). Signal intensities of the mouse AR protein were normalized to the gels stained with Coomassie blue as ratios to produce arbitrary densitometric units (ADU) of relative abundance. To standardize the assay for the measurement of AR proteins, we examined different starting protein concentrations for individual sample. This study demonstrated the linearity and validity of ADU for all immunoreactive bands in western blot analysis (Shao et al. 2006) . All steps were carried out at room temperature, unless otherwise stated.
Serum assays
In the 4-month-old untreated mice (Experiment 1), 3 weeks after inactivation of the Igf1 gene in hepatocytes using PiPc, serum IGF1 level was determined from the blood collected from the tip of the tail between 0900 and 1000 h. In the mice that received 5-week treatment (sham/ORX vehicle/ORX DHT; Experiment 2), blood for the analysis of IGF1, estradiol, and testosterone was collected by heart puncture at the end of the 5-week treatment between 1000 and 1500 h. All samples were rapidly put on ice, centrifuged, and then stored in K80 8C until analysis. There was no difference between treatment groups or between LI-IGF1 K/K and control mice in the timing of the samples. All serum assays were performed using commercially available kits. Serum IGF1 level was measured by a double-antibody IGFBP-blocked RIA (Mediagnost, Tubingen, Germany). Serum estradiol concentration was analyzed using RIA (Diagnostic Systems Laboratories Inc, Webster, TX, USA). Serum testosterone concentration was determined using RIA (MP Biomedicals, Eschwege, Germany).
Real-time PCR (RT-PCR)
Total RNA from the VP lobes was extracted by Tri reagent (Sigma) and further purified using spin columns from RNeasy Total RNA Isolation kit (Qiagen), according to the manufacturer's instructions. The RNA was reverse transcribed into cDNA, and then RT-PCR analyses were performed using the ABI PRISM 7700 Sequence Detection System (PE Applied Biosystems, Stockholm, Sweden) using probes labeled with the reporter fluorescent dye FAM. The RT-PCR analyses were performed on prostate tissue samples from individual mice (control mice (nZ6) and LI-IGF1 K/K mice (nZ8)). The assays, which were used in the RT-PCR analyses, are described in Table 1 (PE Applied Biosystems). The reporter fluorescent dye VIC, specific for 18S rRNA, was included in the reactions as an internal standard. The cDNA was amplified at the following conditions: 1 cycle at 50 8C for 2 min and 95 8C for 10 min, followed by 40 cycles at 95 8C for 15 s and 60 8C for 1 min. The amount of mRNA for each gene was calculated using the A Standard Curve Method (multiplex reaction, following the instructions in User Bulletin #2; PE Applied Biosystems) and adjusted for the expression of 18S rRNA. Statistical analyses
All the descriptive statistical results are presented as the meanGS.E.M. Between-group differences were calculated using unpaired t-tests. A two-tailed P!0 . 05 was considered significant.
Results
Inactivation of liver-derived IGF1
In all experiments, liver-specific inactivation of the Igf1 gene was induced at 4 weeks of age as described in the Materials and Methods section. K/K mice, whereas body weight was similar in both groups (Table 2 ). Prostate and the SV weights were lower in the LI-IGF1
K/K mice compared with the control mice (total prostate K31%, P!0 . 001; AP lobe K19%, P!0 . 05; DLP lobe K35%, P!0 . 01; VP lobe K47%, P!0 . 01, and SV K26%, P!0 . 01; Table 2 ). All the reductions in prostate and SV weights in the LI-IGF1
K/K mice remained also after correction for body weight ( Table 2) .
Effects of liver-derived IGF1 on the glandular and fibromuscular components of the prostate gland In the glandular compartment of the DLP and VP lobes, there was a reduction in luminal size and the secretory activity of the epithelium appeared diminished in the 4-month-old LI-IGF1 K/K mice compared with the controls (Fig. 1A) . The fibromuscular stromal compartment (FMS) was reduced in the LI-IGF1 K/K prostate, with a reduction in FMS surrounding individual glandular structures in the DLP and VP lobes (Fig. 1A) . In the LI-IGF1 K/K mice, the reductions in both the glandular and fibromuscular compartments of the DLP and VP lobes resulted in reduced total cross-sectional areas of these lobes that were proportional to the observed reductions in individual lobe weights (Table 2) .
Immunohistochemical localization of AR in prostate Both the DLP and VP lobes of 4-month-old control mice displayed nearly uniform nuclear AR staining (moderate to intense) of glandular epithelial cells (Fig. 1B) . By contrast, nuclear AR staining in the glandular epithelium of both the DLP and VP lobes of the LI-IGF1 K/K mice was non-uniform and less intense (bottom row). A majority of stromal cells in the DLP and VP of control mice displayed moderate-to-intense AR nuclear staining. In the stromal compartment of LI-IGF1
prostate, a more heterogenic AR staining pattern was observed (Fig. 1B) . The same pattern was seen in the SV (not shown). In the AP lobe (also known as coagulating gland) a moderate and non-uniform nuclear staining in epithelial and stromal cells was seen in both LI-IGF1
K/K and control mice (Fig. 1B) .
Liver-derived IGF1 regulates AR protein level in VP
In the 4-month-old mice that had received no treatment, AR protein level in VP tissue was analyzed using western blot analysis. These analyses showed a 30% reduction, both in terms of absolute and relative levels, of AR protein level in the VP of the LI-IGF1 K/K mice compared with the control mice (Fig. 2 ).
Experiment 2: DHT treatment and Ar mRNA level Liver-derived IGF1 modulates the response to DHT treatment on VP weight At 3 months of age, control and LI-IGF1 K/K mice were started on treatment with the non-aromatizable androgen dihydrotestosterone (DHT; 45 mg/day). After 5 weeks, body weight was similar in the sham-operated control and LI-IGF1 K/K mice, whereas it was reduced in the ORX vehicle-treated and the ORX DHTtreated LI-IGF1 K/K mice (Table 3 ). In the LI-IGF1
K/K mice, serum IGF1 levels were reduced by 78% in the shamoperated group, by 74% in the ORX vehicle-treated group, and by 82% in the ORX DHT-treated group (Table 3) . Serum estradiol and testosterone levels, which were determined only in the sham-operated, gonadal intact mice, were similar in the LI-IGF1 K/K and control mice (Table 3 ).
The mean weight of the VP lobe (the prostate lobe that displayed the most reduced weight in the LI-IGF1 K/K mice in Experiment 1) was reduced by 25% (Fig. 3A) and the mean weight of the SV was reduced by 33% (Fig. 3B) in the LI-IGF1 K/K mice compared with the control mice in the sham-operated group. As expected, the ORX LI-IGF1 K/K and ORX control mice that had received DHT treatment had increased VP and SV weights compared with the vehicle-treated controls (Fig. 3A and B) . Interestingly, VP and SV weights were significantly lower in the DHT-treated LI-IGF1 K/K mice compared with the DHT-treated control mice (Fig. 3A and B) . The lower VP and SV weights after DHT treatment in the LI-IGF1 K/K mice remained also after correction for body weight (Fig. 3C and D) . In the shamoperated group, the reduction in VP weight lost statistical significance after correction for body weight (K14%, PZ0 . 2 versus sham-operated control mice; Fig. 3C ), whereas the reduction in SV weight remained significant (Fig. 3D) .
Liver-derived IGF1 modulates Ar mRNA levels in VP To determine whether the reduced response to androgen treatment with DHTon VP weight in the LI-IGF1 K/K mice was associated with decreased Ar mRNA level, the levels of Ar mRNA in VP tissue were measured using RT-PCR. The sham-operated, gonadal intact LI-IGF1 K/K mice displayed a 34% reduction in the Ar mRNA levels in VP when compared with sham-operated, gonadal intact control mice (P!0 . 05, Fig. 4A ). By contrast, Igf1 mRNA levels in VP were similar in the gonadal intact LI-IGF1 K/K mice compared with the gonadal intact controls (Fig. 4B) . There was no betweengroup difference in the levels of mRNA coding for estrogen receptor-a or -b in the VP (Table 4) .
Discussion
The possible interaction between IGF1 and androgens for the regulation of prostate weight was investigated in the present study. We here demonstrate that deficiency of liver-derived, endocrine IGF1 results in reduced prostate weight due to a proportional reduction in both the glandular and fibromuscular compartments. Deficiency of liver-derived IGF1 also reduced both Ar mRNA and protein levels in the prostate, and reduced the stimulatory effect of androgen treatment with DHT on VP weight. These findings demonstrate that IGF1 and androgens interact in the regulation of prostate growth.
Transgenic mice with global inactivation of the Igf1 gene (Ruan et al. 1999) , as well as mice overexpressing a GH antagonist (Ruan et al. 1999) , have decreased prostate size (Ruan et al. 1999) . However, the role of IGF1 in adult animals is difficult to evaluate in these mice strains due to the possible effect of the absence of IGF1 activity during development. Moreover, there is a local production of IGF1 in the prostate (Kaplan et al. 1999 , Meinbach & Lokeshwar 2006 , which is depleted in mice with global IGF1 knockout. By contrast, the LI-IGF1 K/K mice do not have decreased liver IGF1 expression until the inactivation K/K and control mice. A reduction in glandular size, luminal area, and the fibromuscular stromal compartment surrounding the glandular structures was evident in both the dorsolateral prostate (DLP) and ventral prostate (VP) lobes of LI-IGF1 K/K mice (bottom row). These reductions in both the glandular and fibromuscular compartments of the VP and DLP lobes were proportional to the reductions in the weights of these lobes. (B) Representative histological sections (original magnification 200!; insets original magnification 400!) of prostate glands stained for the AR. Both the DLP and VP of control mice displayed a uniform nuclear AR staining (moderate to intense) in glandular epithelial and stromal cells (top row). By contrast, nuclear AR staining in glandular epithelium and stromal cells of both the DLP and VP of LI-IGF1 K/K mice was nonuniform and less intense (bottom row). In the anterior prostate (AP) lobe (also known as coagulating gland), a moderate and non-uniform nuclear staining in epithelial and stromal cells was seen in both LI-IGF1 K/K and control mice (third column). Full colour version of this figure available via http://dx.doi.org/10.1677/JOE-08-0406 at 4 weeks of age and the Igf1 mRNA levels, as investigated in the present study, are unaffected in VP. The inactivation of liverderived IGF1 at 4 weeks of age resulted in a marked and maintained reduction in serum IGF1 level. The decreased prostate weight observed in the present study was therefore not, or only to a small extent, due to developmental changes in the prostate or suppressed local IGF1 production in the adult LI-IGF1 K/K mice. Acromegalic patients, who have high serum levels of both GH and IGF1, have increased prostate size (Colao et al. 1998) . Conversely, prostate size is decreased when compared with controls in GH-deficient adult humans with low serum GH and IGF1 values (Colao et al. 2003) , and GH replacement therapy increases both serum IGF1 levels and prostate size in these patients (Colao et al. 2003) . These clinical findings demonstrate that GH has the capacity to increase prostate size, but they do not establish whether this effect is mediated via IGF1. The LI-IGF1 K/K mice have an w80% reduction in serum IGF1 concentration and compensatory increased GH secretion with a geometric mean plasma GH level 3 . 1 times higher than that in control mice (Sjögren et al. 1999 ). The present results, with decreased prostate size in the LI-IGF1 K/K mice, suggest that circulating GH cannot increase prostate size without a concomitant increase in circulating IGF1, and that the combination of high circulating GH and low circulating IGF1 even results in decreased prostate size. Therefore, the increased prostate size in acromegaly and during GH replacement in GH-deficient humans is likely due to the increased serum IGF1 levels. In adults with GH deficiency and low serum IGF1 values, combined GH and testosterone treatment has additive effects on prostate size (Colao et al. 2003) . In the present study, the response to androgen treatment with DHTon VP weight was determined. DHT treatment was given because DHT, in contrast to testosterone, cannot be aromatized to estrogens and therefore stimulates the AR without any effect on estrogen receptors. After the 5-week DHT treatment, VP weight was reduced in ORX mice with inactivation of liverderived IGF1 compared with ORX control mice, demonstrating that liver-derived IGF1, in vivo, modulates the androgenic response on VP weight.
Ar mRNA and protein levels in VP tissue were evaluated to determine whether the reduced response to DHT treatment on VP weight in the LI-IGF1 K/K mice was caused by a reduced AR expression. The RT-PCR and western blot analyses showed clearly reduced mRNA and protein levels respectively, in VP tissue in the LI-IGF1 K/K mice. Reduced nuclear AR staining in both glandular epithelium and stromal cells was also seen in the VP and DLP lobes of the LI-IGF1 K/K mice using immunohistochemistry. Taken together, these findings suggest that deficiency of liverderived IGF1 results in reduced AR synthesis in the prostate both in terms of mRNA and protein levels. This downregulation of AR expression in prostate provides one plausible explanation for the reduced response to androgen treatment with DHT on VP weight in the LI-IGF1 K/K mice. The reduction in AR expression in the prostate of the LI-IGF1 K/K mice was not caused by changes in circulating sex steroids as serum levels of testosterone and estradiol were unchanged in the LI-IGF1 K/K mice. Furthermore, the mRNA levels of IGF1 as well as those of estrogen receptor-a and -b were unaffected in VP tissue of the LI-IGF1 K/K mice. However, IGFBP3 may regulate the bioavailability of IGF1, and in addition, IGFBP3 may exert IGF-independent effects on the prostate (Liu et al. 2007) . Although serum IGFBP3 concentration was not measured in the present study, we have previously observed an 86% reduction in serum IGFBP3 level in the LI-IGF1 K/K mice . Thus, serum levels of IGF1 as well as IGFBP3 are markedly reduced in the LI-IGF1 K/K mice. The importance of the reduction in serum IGFBP3 level is not fully clear, but it can be concluded Table 4 The mRNA levels of estrogen receptor-a and -b in the ventral lobe of the prostate of LI-IGF1 K/K mice (nZ8) expressed as the percentage of those in control mice (nZ6). The RT-PCR analyses were performed on tissue samples from individual mice.
Control mice LI-IGF1
K/K mice P value
Estrogen receptor-a (% of control) 100 (10) 114 (11) 0 . 41
that in the LI-IGF1 K/K mice, the reduced prostate size and downregulated AR expression in prostate are unlikely to be due to an IGFBP3-mediated inhibition of IGF1 activity.
The prostate is composed of two compartments: glandular and fibromuscular. In a previous study, mice with global inactivation of the Igf1 gene displayed impaired development of the glandular prostate compartment (Ruan et al. 1999) . In a later study, it was shown that IGF1 can affect the development of both prostate compartments (Kleinberg et al. 2007) . In the present study, there were reductions in glandular size and luminal area, as well as a reduction in the FMS compartment surrounding the glandular structures in the VP and DLP lobes of LI-IGF1 K/K mice. These reductions in both the glandular and fibromuscular compartments in the VP and DLP lobes by liver-derived IGF1, which were proportional to the reductions in the weights of these lobes, raise the possibility that IGF1 inhibition could be useful in benign prostatic hyperplasia. This needs, however, to be further investigated in future studies.
In the present study, the importance of liver-derived IGF1 for prostate weight and AR expression in the prostate was studied, but it was not investigated whether prostate cancer development was affected in the LI-IGF1 K/K mice. Previous studies in the transgenic adenocarcinoma of the mouse prostate model have suggested that in addition to low levels of circulating IGF1, low GH levels may also be needed to reduce prostate cancer progression (Majeed et al. 2005 , Anzo et al. 2008 . In vitro studies suggest that IGF1 and androgens may interact in prostate cancer cells (Culig et al. 1994 , Pandini et al. 2005 , and in humans, in epidemiological studies, a high serum IGF1 level is a risk factor for the development of prostate cancer (Mantzoros et al. 1997 , Chan et al. 1998 , Wolk et al. 1998 . Preliminary studies have been initiated in which the action of the GH/IGF1 system is antagonized. These studies suggest that the blockade of GH/IGF1 or the IGF1 receptor may reduce prostate tumor cell progression (Djavan et al. 2001 , Jerome et al. 2003 , Samani et al. 2007 , but further studies are needed to explore whether the blockade of serum IGF1 could be a complement to surgical or medical androgen ablation therapy for prostate cancer.
In conclusion, we here demonstrate, in the face of unchanged local IGF1 expression, that deficiency of liverderived, endocrine IGF1 decreases AR expression in prostate and reduces VP growth in response to androgen treatment with DHT. One could therefore speculate that liver-derived IGF1 induces increased AR expression in the prostate, resulting in an enhanced response to androgens on prostate weight. Further studies are needed to evaluate whether systemic blockade of circulating IGF1 will be useful as a complement to other treatments targeting the androgenic pathway in men with benign prostate hyperplasia and/or prostate cancer.
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